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Abstract
This paper examines, with reservoir simulation, the impact of applying “best practices” and capitalizing on reservoir architecture 
to restrict CO2 plume movement and maximize reservoir storage capacity.  Specifically, the paper explores the value gained from 
using horizontal CO2 injection wells and taking advantage of any existing shale “baffles” in conjunction with other reservoir 
characteristics that influence flow such as capillary pressure, pore volume trapping, and CO2 dissolution.  Recent geologic and 
reservoir data collected from the Tuscaloosa Formation at the Mississippi Test Site (a Southeastern Regional Carbon 
Sequestration Partnership CO2 sequestration pilot test) will be used as the case study for evaluating alternative CO2 injection and 
storage engineering concepts.  The Tuscaloosa Formation is a thick, porous, permeable, regionally extensive saline reservoir 
occurring throughout the Gulf Coast and is considered a high priority setting for large-scale CO2 storage. 
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1. Introduction 
Because of its natural buoyancy, CO2 tends to rise to the crest of a saline reservoir following its injection, where a 
cap rock prevents further vertical migration.  This buoyancy phenomenon can lead to low contact between the CO2
injectant and the reservoir’s saline fluids and pore space, limiting usable CO2 storage capacity and increasing the 
CO2 plume’s areal extent.   
One way that vertical flow of injected CO2 can be mitigated is to inject CO2 with horizontal wells drilled deep 
into the formation.  A second is to take advantage of reservoir architecture, i.e., the natural horizontal shale breaks or 
“baffles” within a storage formation to distribute the injectant vertically. While some of these shale intervals may 
not be permanent seals, they may have the capacity to constrain or distribute vertical flow, creating additional 
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contact between the CO2 and the saline formation, thus achieving increased storage capacity, while limiting the CO2
plume’s areal extent.  
Reservoir data collected from the Lower Tuscaloosa Formation at the Mississippi Test Site (a Southeastern 
Regional Carbon Sequestration Partnership CO2 sequestration pilot test) located in southeastern Mississippi was 
used as the case study for evaluating alternative CO2 storage engineering concepts for maximizing CO2 storage 
capacity. Figure 1 shows the location of the Test Site at the Victor J Daniel Power Plant in Jackson County, MS as 
well as regional geological structures.  
The Tuscaloosa Formation is a thick, porous, permeable, regionally extensive saline reservoir occurring 
throughout the Mississippi Gulf Coast from Texas to Florida and is considered a promising target for large-scale 
CO2 storage. Below the Test Site, the Lower Tuscaloosa Formation occurs at a depth of about 8,500 ft.  Here, the 
lower member of the Lower Tuscaloosa Formation, the “Massive Sand”, contains two thick higher permeability 
packages of porous and permeable sandstones separated by much lower shaley sand intervals. The “Massive Sand” 
is expected to be a safe, secure CO2 storage site and formation due to several factors: 
x Competent, regionally extensive caprock and seal(s) including the Middle (Marine) Tuscaloosa Formation , the 
Selma Chalk Group and the Midway Shale 
x Updip structural confinement, namely the Wiggins Arch to the north 
x High CO2 storage capacity with favorable reservoir properties including porosity 
Considerable effort is being placed on characterizing the CO2 storage formation at Plant Daniel, including 
assuming the reservoir’s internal architecture, structure, and properties include the presence of shale breaks or 
“baffles” within the injection zone.  In particular, we looked to determine the effect of these factors on the extent of 
CO2 plume monitoring. 
2. Methodology 
A base model of the Lower Tuscaloosa ‘Massive’ Sandstone was assembled using available historical 
geophysical log data from Jackson County, MS. Table 1 shows average data for the reservoir. Log data gathered 
from historical wells in the region show that the ‘Massive’ Sandstone contains multiple sand breaks or baffles. We 
chose a ‘type’ log for the region (International Paper Well #1 API 2305920009) and constructed a model of the 
‘Massive Sandstone’ for reservoir simulation which contains the natural shale breaks.  The “baffles” were identified 
as breaks where the calculated shale volume (Vsh) was greater than 33%. Vsh is calculated using the lithology log 
(spontaneous potential or gamma ray). The average salinity is estimated from the USGS Produced Water Database 
(source: http://energy.cr.usgs.gov/prov/prodwat/intro.htm). Figure 2 shows the ‘Massive’ Sandstone section of the 
‘type log’ and the subdivision of the reservoir into sand zones and shale “baffles”.  The reservoir contains multiple 
sand packages that vary in thickness from 10 to over 50 feet, for a total net sand of about 187 feet, in a 264 foot 
gross interval. CO2/water relative permeability curves in the simulation were taken from Bennion and Bachu1 
(Figure 3).  To investigate the effects of reservoir architecture, structure, and properties on plume dynamics, we 
simulated five scenarios:   
1. Homogeneous ‘Massive’ Sandstone Body - To investigate plume dynamics in a homogeneous sand reservoir, 
we simulated CO2 injection in a single sand body with the sand characteristics in Table 1. For this and all 
following cases, except case #5, we injected 100,000 tonnes (1.72 Bcf) of CO2 per year for four years. The 
CO2 plume was then allowed to equilibrate for 100 years.  For this case and all of the following, except case 
#3, we assumed a 15% value for pore volume trapping. 
2. ‘Massive’ Sandstone with Shale “Baffles” – In reality, the ‘Massive’ Sandstone and most saline reservoirs will 
have significant internal heterogeneity, including shale “baffles” that will act to block the vertical migration of 
CO2 within the reservoir, creating multiple plumes stacked vertically within the reservoir. To simulate this 
internal architecture, we assembled a reservoir with multiple sand bodies and shale “baffles” modeled after the 
‘Massive’ Sandstone reservoir from the ‘type’ log (Figure 2).  
3. Low Pore Trapping – To observe the effect of low critical gas saturation on the size and shape of a CO2
plume, we decreased the reservoir’s pore volume trapping value from 15% to 1%. This relative permeability 
adjustment allows gas to become mobile at a water saturation value of 99% (1% gas saturation) (Figure 3) 
instead of 85% water saturation (15% gas saturation).  
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4. “Leaky” Baffle – Not all shale “baffles” will act as impermeable seals between sand bodies in a reservoir. To 
investigate the effect of this phenomenon on CO2 migration, the permeability of Shale 4 (Figure 2) was 
increased to 1 md.  
5. Long-Term CO2 Injection– Finally, the effect of the presence or absence of shale “baffles” on a CO2 plume in 
a saline reservoir under a long-term injection (40 year) was investigated. If under a long term injection, a 
potentially realistic situation at a large point CO2 source (i.e. a coal-fired power plant), the horizontal plumes 
of both cases are equivalent, then the internal reservoir architecture may not be a critical parameter in the 
efficacy of CO2 sequestration in saline reservoirs. To investigate this effect, cases #1 and #2 were allowed to 
inject 100,000 tonnes (1.89 Bcf) of CO2 per year for forty years. 
3.  Reservoir Model Applications and Assumptions 
COMET3 is a three-dimensional, three-component, two-phase, single, dual or triple porosity simulator for 
modeling gas and water production from desorption controlled reservoirs (coal and shale) as well as conventional 
reservoirs. The simulator can also be used to model black-oil type problems for gas-oil systems.    
Although primarily designed for use as a dual or triple porosity model, COMET3 may also be used as a 
conventional gas-water simulator. Since solution gas is included, the model may be used as a general-purpose 3-D 
gas coning model by specifying oil properties in lieu of water.  COMET3 has been benchmarked against industry 
simulators for both coal seam gas and black- oil problems (just as was done for the forerunner COMETPC 3-D. 
4. Model Setup 
The geological description and the alternating sand-shale sequences were laid out in the simulation model.  Sands 
and shales, while populated with varying porosity and permeability characteristics, were considered homogeneous 
within their respective units.  The sand units were further discretized into 3 foot high segments, with injection 
occurring at the bottom of each sand unit, allowing for additional understanding of the buoyancy of the CO2 plume 
(Figure 3).   
Horizontal permeability within the sand units was estimated to be 511 md and vertical permeability estimated to 
be 396 md.  Permeabilities were taken from publicly available core analysis of the E.I. DuPont De Nemours Waste 
Disposal Well #1 (API# 23047200020000) in Harrison County, MS4. For base case modeling, the “baffles” are 
assumed to have a matrix permeability of 1x10-6 md. Sand unit porosities were set at 20%.  The reservoir was 
modeled as a single porosity single permeability system. Finally, for simplicity, radial geometry was used for the 
simulation model (Figure 4), with radial steps of 100 feet in an infinitely acting aquifer. 
Table 1. Estimated Lower Tuscaloosa ‘Massive Sandstone Properties 
Thickness Sand 187 ft 
Shale 77 ft 
Porosity Sand 20%-23% 
Shale (assumed) 5% 
Water Saturation 100% 
Salinity 200,000 ppm 
Pressure 0.459 psig/ft 
Temperature 229 °F 
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5. Results 
Figures 5 through 9 show the shape and extent of the CO2 plume for cases #1 through #5. Table 2 shows the 
maximum horizontal plume extent for the five cases after the CO2 injection period and after 100 years. Plume 
acreage is calculated assuming the maximum extent of the circular plume at the termination of the injection period 
and following 100 years of monitoring. 
5.1. Presence of Shale Baffles.  
The results show that the reservoir’s architecture has a dramatic effect on CO2 plume shape and movement. For 
example, in Case #1 (Figure 5), the homogeneous case, the horizontal extent of the plume 100 years after injection 
was 4,300 ft radially from the injection well while the plume extended only 2,600 radially when shale “baffles” 
cause a stacked plume (Case #2, Figure 6). This results in 100-year plume acreage of 63% less than in the 
homogeneous case (490 acres versus 1,330 acres). Likewise, in the long-term injection case (cases #5A and #5B, 
Figure 9) the presence of baffles results in greater CO2 plume concentration. While the plume in the homogeneous 
case has lesser areal extent after the injection period, after 100 year of shut-in and equilibration, the “baffled” plume 
is 53% of the size of a homogeneous plume.  Clearly, maximizing the contact between the CO2 and saline formation 
can reduce the area required for storing CO2.
5.2. Pore Volume Trapping. 
A decrease in the reservoir’s ability to trap free phase CO2 (pore volume trapping) with shale “baffles” from 15% 
(Case #2, Figure 6) to 1% (Case #3, Figure 7) has a relatively minor effect on the horizontal extent of the CO2
plume. The decrease in pore volume trapping resulted in a 100-year plume only 8% larger in area, 530 acres versus 
490 acres. However, the vertical form of the plume is significantly altered, with thin, high concentration zones 
collecting below each “baffle”.   Note also that the Case #3 plume is actually smaller in radius than the Case #2 
plume after the 4 year injection period. It is speculated that this may be due to the rapid vertical movement of the 
CO2 in Case#3 which may affect relative permeability in the injection blocks at the base of each sand unit. Future 
simulations will explore this possibility.  
5.3. “Leaky” Baffle. 
 The presence of a “leaky baffle” between two significant sand zones was simulated by increasing the 
permeability of Shale 4 to 1 md (Case #4, Figure 8). Significant leakage occurred through the “baffle” resulting in 
the joining of the two plumes into one plume which migrated 3,000 ft radially after 100 years.  
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Table 2. Maximum Horizontal Plume Extent after Injection Period and after 100 Years  
Case Max Hz Plume Radius After Inj. 
Period, ft (Cases #1-4 = 4 years, Case 
#5 = 40 years)
Max Hz Plume Extent After 100 
years, ft (Cases #1-4 = 104 years, 
Case #5 = 140 years)
Equivalent surface 
area after 100 year 
shut-in, acres 
Case #1 Homogeneous  2,500 4,300 1,330 
Case #2 Shale “Baffles” 2,100 2,600 490 
Case #3 Low Pore Volume 
Trapping
1,900 2,700 530 
Case #4 “Leaky Baffle”  2,100 3,000 650 
Case #5A Long-Term CO2
Injection - Homogeneous 
6,000 11,000 8,730 
Case #5B Long-Term CO2
Injection – Shale “Baffles” 
7,500 8,000 4,620 
6. Conclusions 
The presence of shale breaks or “baffles” in a saline sandstone reservoir will act to force injected CO2 to contact 
more of the saline formation, resulting in a plume of reduced areal extent. In a “baffled” reservoir, the degree of 
pore volume trapping significantly alters the vertical structure of the plume, with nearly all of the injected CO2
moving vertically and then outward at the base of the “baffle”. In the reservoir modeled in this study, the Lower 
Tuscaloosa ‘Massive’ Sandstone at the Mississippi Test Site, the presence of “baffles” is expected to result in a 
plume of less than half of the areal extent than if the ‘Massive’ Sandstone were a homogeneous reservoir. 
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Figure 4. Reservoir Model Profile View (left) and Plan View (right). 
Figure 5. Homogeneous Reservoir Case (#1). CO2 extent after injection period (4 years) and after 104 years (inset). One grid block = 100 ft 
horizontally. 
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Figure 6. Shale “Baffle” Case (#2). CO2 extent after injection period of 4 years (left) and after 104 years (right). One grid block = 100 ft 
horizontally. 
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Figure 7. Low Pore Volume Trapping Case (#3). CO2 extent after injection period of 4 years (left) and after 104 years (right). One 
grid block = 100 ft horizontally. 
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Figure 8. “Leaky Baffle” Case (#4). CO2 extent after injection period of 4 years (left) and after 104 years (right). One grid 
block = 100 ft horizontally. 
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Figure 9. Long-Term Injection Case (#5). A) Homogeneous Case - CO2 extent after 40 years (left) and after 140 years (inset).  B) 
Shale “Baffles” Case - CO2 extent after 40 years (left) and after 140 years (inset).  One grid block = 500 ft horizontally. 
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